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In the discussion that follows, we. need to nse set
objects, and these objects are called the elements
tion ¢ = 8§ means that g is an element of 5, and b
ment of 8. For example, if Z reprosents the set of i)

Some sets can be described by listing their elem

P. 01

aotation. A set is a collection of
of the set. If 5 is a set, the nota-
¢ S means that b is net an ele-
tegers, then —3 € Zbut 7 & Z.
ents within braces. For instance,

the set A that consists of all positive integers less than 7 can be written as

A=1{1,2,34,54
We could also write A in set-builder notation as
A = {x| xis an integer and

which is read “A is the set of all x such that x is an
If § and T are sets, then their union § U T is the

{x{:ﬂ

integerand 0 < x < 7."

set that consists of all elements

that are in § or T (or in both). The intersection of ¥ and T is the et § M T consist-
ing of all elements that are in both § and T. In other words, § ™ T is the common
part of § and T. The empty set, denoted by (ZJ, is the set that contains no element.

EXAMPLE 4 B Union and Intersection of Sets

If§={1,2,3,4,5,7=[4,56,7}, and V =
SN T,and SNV, :

SOLUTION
SUT=1{1,2.3.4,56,7] All clement;
SN T=1{4,5)
SNV=0

Certain sets of real numbers, called intervals, ¢

R
(6,7, 8}, find the sets § U T,

inSorT

Elements comon to both £ and T

S and V have no element in common o

couy frequently in calewlus and

correspond geometrically to line segments. For example, if a < b, then the open

jnterval from g to b consists of all numbers betwer
symbol (@, b). Using set-builder notation, we can w

(@, ) = (x| a < &< p]

Note that the endpoints, a and b, are excluded from

n a and b and is denoted by the
it )

this interval. This fact is indi-

cated by the parentheses () in the interval notation and the open circles on the

graph of the interval in Figure 5,
The clased interval from a to b is the set

[, b] ={x|asx =

Here the endpoints of the interval are includad, T
brackets [ ] in the interval notation and the solid c|
val in Figore 6. It is also possible o include only
shown in the table of intervals below.

We alzo need to conaider infinite intervals, such i

{a. =) ={x|x>a]
This does not mean that = (“infinity") is a number.

the set of all numbers that are greater than a, so the !
the interval extends indefinitely far in the positive di

]

his is indicated by the square
rcles on the graph of the inter-
me endpoint in an interval, as

i5

The notation {a, ) stands for
symbol & simply indicates that
rection.
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The following table [ists the nine possible types of intervals, When these inter-
vals are discussed, we will always assume that ¢ < b,

Notation Set description Graph

{a, b) {x|a=x<b] > ;i N
[, b] Ix|'a = x = b} . : »
(@ b) ¥|a=x<b > ? .
(.b]. [x|a=x=bh) p » -
(@, =) {xla=x| ; -
(a. ) PPN . .
(—2, b) x| x =8 l:;————-u-
(=, b] [x|x = b) . . -
(—w, o) R (set of all real nurnbers) -

EXAMPLE 5 m Graphing Intervals
Express each interval in terms of inequalities, and then graph the interval,

(a) [mltz);{x|w1f§x'ﬁf2} - “_'1 6 ) .
® [15.4]={r[15 <2< 4] 0 1s i
(@) (~3,%) = {x| -3 < o 5 g

EXAMPLE 6 ® Finding Unions and Intersections of Intervals

Graph each set.

@ (LI N[27] ®) (L,3) U[2.7)

SOLUTION

(2) The intersection of two intervals consists of the numbers that are in both inter-
vals. Therefore

(L3NR7=(x|l<zx<3mdl=x=7)

3= 3 5= 5 ={x|2=x=<3)
Rt A =[2,3)
=3 a 3 This set is illustrated in Figure 7.
FIGURE 9 (b)Y The union of two intervals consists of the numbers that are in either one inter-

val or the other (or both). Therefore
(L3AU[RT]=k|1<x<3or2=x=7]

=x|l<x=7
=(1,7]
This set is illustrated in Fignre 2.
: (1,3) ' (1,3) '
| o 1 3 i 513 !
[2.7] | [2,7]
o3 T o 2 T
[2,3) (1,7]
5 2 3 " 51 7
FIGURE 7 FIGURE 8
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The Domain of a Rational Function
Does the cost-henefit model
' 120
7% = 10 5
“indicate that the city can clean up its lake comy

remave 100% of the pollutants, The problem
undefined for x = 100. ‘

_ 120x
. M =To-%
Notice how the graph of the rational fumction in ]

touches, the dashed green vertical line drawn th
tinues to rise more and more steeply, visually s
never touching the dashed vertical line, the graj
money will be enough to remove all pollutants f

The domain of a rational fanction is the set
for which the denominator is zero, We can find tt
the denominator is zero, For the cost-benefit n
when x = 100. Furthermore, for this model, neg;
greater than 100 are not meaningful. The domai
excludes 100.

Inspection can sometimes be used to fing
Here are two examples.

F(x)

The domain of f can be expressed in set-builder
Domain of f = {x|x is a real nun

Likewise, the domain of g can be expressed in se
Domain of g = {x|x is a real number a

Domain of g = (=ea,—-1) U (=1, 1) U (
Find the domain of f if
cron . 2x+1
i~ e

Solution _The domain of f is the ser of all real n
the denominator is zeyo, We can identify such numt
equal to zero and solving for x.

222 =x=1=0 g
(2x+1){x—-1)=0 £
2x4+1=0 o x-1=0 g
2% = -] x=1 g
!
2

Because— and 1 make the denominator zero, these

- Domainof f = { *| % s a real number and

Domain of f = (

oy — L 21
o0, )U( 2".1)U

2
-D

an

(-,

Figure
rough x = 100. The graph con-
nowing the escalating costs, By
ph illustrates that no amount of
rom the lake.

of all real numbers except those

03

letely? To do this, the city must

is that the rational function is

TR el M,

6.1 approaches, but never

& domain by determining when

1odel], the denominator is zero

iive values of ¥ and values of x

t of the function is [0, 100) and

a rational function's domain,

__x*
(x + (= - 1)

or interval notation:

uber and x # 2}
Domain of f = (~oc, 2) U (2, co),

I-builder or interval notation:
dx # ~1and x = 1}

1, 00). -

Imbers except those for whigh
ers by setting the denaminaoy

&% the danominater equal to 0,

Actorn,
at each factor equal to 0,

olve the resulting equations, .

are the values to exclude. Thug

x#—%andxsﬁ 1}

(1, o0). -
, . B
main of f = {xjx is a real numby
dx+# -3 and x #4) or 4

0 -DUE U0 w)
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